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ZERO EMISSIONS SULPHUR RECOVERY
PROCESS WITH CONCURRENT HYDROGEN
PRODUCTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the national phase of PCT application
PCT/NL2012/050308 having an international filing date of 7
May 2012, which claims benefit of European application No.
11165181.6, filed 6 May 2011. The contents of the above
patent applications are incorporated by reference herein in
their entirety.

FIELD OF THE INVENTION

The invention pertains to a process for recovering sulphur
from a H,S-containing gas stream, and to a sulphur recovery
plant. Particularly, the invention pertains to the production of
hydrogen associated with a sulphur recovery process.

BACKGROUND OF THE INVENTION

Sulphur Recovery Plants are designed to remove H,S from
H,S-containing acid gases from Amine Regeneration Sys-
tems and from Sour Water Strippers producing sulphur, a non
toxic product which can be stored and sold in liquid or in solid
form to different users for several different industrial appli-
cations. The acid gases from Amine Regeneration Systems
and Sour Water Strippers, containing a variable amount of
H,S, are treated in a Sulphur Recovery Unit (SRU), generally
based on the modified Claus process, for bulk sulphur recov-
ery and subsequently in a Tail Gas Treatment (TGT) section
for deep sulphur recovery. Other impurities contained in the
sour gases, including ammonia and hydrocarbons, are
destroyed in the Claus section.

The modified Claus process by itself recovers about
94+96% (2 catalytic stages) or 95+98% (3 stages) of the
sulphur in the feedstock. A further treatment of the Claus tail
gas is therefore necessary when a higher Sulphur Recovery
Efficiency (SRE) is required.

The modified Claus process comprises a sub-stoichiomet-
ric combustion of the acid gas stream in a thermal reactor
(thermal stage) followed by catalytic conversion in the Claus
reactors (catalytic stage). In the Claus section one-third of the
total H,S is oxidized to SO,, which reacts with the remaining
H,S to form sulphur and water according to the following
reactions:

H,S+1.50,—H,0+S0, (oxidation reaction) (€8]

2H,8+50, ¢ 1.58,+2H,0 (Claus reaction) 2)

3H,S+1.50, € 3H,0+1.58, (overall reaction) 3)

The goal of the process is to drive the overall reaction to
near completion. In the Claus thermal reactor, the H,S con-
tained in the acid gas is burnt with air (or with oxygen-
enriched air in some specific cases) in a specific burner and
only one-third of the total H,S is oxidized to SO,, while the
remaining two-third is not reacted. The total air amount is the
one exactly sufficient to oxidize one-third of the total H,S and
to completely oxidize all hydrocarbons and ammonia con-
tained in the feedstock; the molar ratio H,S/O, in the feed-
stock is therefore about 2:1 in order to get a ratio H,S/SO, in
the Claus tail gas of exactly, or as close as possible to, 2:1,
which is the stoichiometric ratio for the Claus reaction, so
maximizing Sulphur Recovery Efficiency. During acid gas
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2
combustion, a small part of the H,S (typically 5+7%) is
dissociated to hydrogen and sulphur as per following reac-
tion:

H,S <> H,+0.58, (dissociation or cracking reaction)

*

According to Clark et al., Alberta Sulphur Research Ltd.
(ASRL), hydrogen formation also happens according to the
following reaction:

4H,8+0, € 2H,+2H,0+28, (H, formation reaction) &)

Several side reactions are also involved, leading to the
destruction of ammonia and hydrocarbons and to the forma-
tion of carbonyl sulphide COS and carbon disulphide CS,,. In
order to complete the Claus reactions, a suitable residence
time is necessary at high temperature in the thermal reactor.

The Claus thermal reactor is typically followed by a waste
heat boiler where furnace effluent is cooled down to about
300° C. and heat is recovered by raising high pressure steam
and by a sulphur condenser where process gas is cooled down
to sulphur dew point by raising low pressure steam and liquid
sulphur is separated.

The Claus thermal stage is generally followed by two or
three catalytic stages, each one composed by a gas reheater to
bring the gas to the optimal reaction temperature, a catalytic
reactor where the Claus reaction takes place and a sulphur
condenser where gas is cooled and liquid sulphur is con-
densed and separated. The Claus reaction is an exothermic
equilibrium reaction thermodynamically enhanced by low
temperatures. The first Claus catalytic reactor is partly filled
with a Claus catalyst (Alumina based) to enhance the Claus
reaction and partly filled with a specific high conversion
catalyst (Titania based) to enhance the hydrolysis of COS and
CS,. The second and third Claus catalytic reactors, if any, are
generally filled with Claus catalyst (Alumina based) to
enhance Claus reaction.

In order to satisfy the >99% sulphur recovery efficiency
normally required for a Sulphur Recovery Plant, the Claus
section is generally followed by a Tail Gas Treatment section.
Several different alternative processes have been proposed
over the years to boost Sulphur Recovery Efficiency, like the
SCOT method by Shell Oil Company, the RAR process by
TKT, the CBA process by AMOCO, the CLINSULF/DEG-
SULF method by Linde Actiengesellschaft or the BSR Selec-
tox process by UOP. In the traditional reductive Tail Gas
Treatment section, the process gas from a Claus section is
preheated and combined with hydrogen from an external
source prior to being fed to a hydrogenation reactor, where all
sulphur compounds are converted to H,S over a specific
reduction catalyst (Co and Mo oxides based), which performs
both the hydrogenation and the hydrolysis functions. The
reactor effluent is cooled down in the quench tower by means
of circulating steam condensate. The H,S produced in the
hydrogenation reactor is recovered in an amine absorber with
a specific amine aqueous solution and recycled to the Claus
section from the top of an amine regenerator, where the
enriched solution is stripped.

The tail gas from the amine absorber is sent to a thermal
incinerator for the oxidation of residual H,S and other sul-
phur compounds, such as COS and CS,, to SO, prior to
disposal to the atmosphere via a dedicated stack.

The main drawbacks of traditional Claus Plant are the need
for large and expensive equipment against very low sulphur
economic value, continuous emissions of SO, (SO, and SO;),
CO, CO,, NO, plus traces of H,S into the atmosphere, and
continuous import of hydrogen from the network, for process
gas reduction in the TGT section.
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In some Plants, where hydrogen is not available, for
example in gas fields, the reducing gas mixture is generated in
a reducing gas generator by sub-stoichiometric fuel gas com-
bustion. The main drawback of such alternative configuration
is the larger equipment size compared to traditional Claus
Plant. This is caused by the 10-15% higher process gas flow
rate due to large amounts of inerts coming from in-line fuel
gas combustion (mainly nitrogen from air and water and
carbon dioxide from combustion).

As mentioned in Clark, Catalysis Communications 5
(2004) 743-747, the recovery of H, from H,S is a long-
standing goal in industry. Clark addresses this by means of the
partial oxidation of H,S over alumina catalysts. Key to this
process is said to be the promotion of the reaction of H,S and
O, under the formation of hydrogen, water, and sulphur at a
controlled temperature by means of an external oven. Reduc-
tion of emissions into the atmosphere is not addressed.

Some alternative processes have been proposed over the
years, which are addressed to thermal or catalytic partial
oxidation of H,S.

U.S. Pat. Nos. 6,946,111 and 6,800,269 by Conoco Inc.
disclose processes for removing H,S from a H,S-containing
gas stream the first one and from a H,S-rich waste gas stream
the second one, comprising a flameless short contact time
reactor filled with a suitable catalyst for partial oxidation
reaction of H,S to form sulphur and water, using air or
enriched air or pure oxygen with a H,S/O, ratio in the feed-
stock of approximately 2:1, followed by a cooling zone and
by a sulphur condenser. The main goal of the first patent is to
desulphurize a gas stream, while the main goal of the second
patent is to propose an alternative solution to the traditional
thermal reactor in a Claus Plant. Both patents are based on
hydrogen sulphide catalytic partial oxidation reaction with
oxygen to form sulphur and water.

U.S. Pat. No. 7,560,088 by Conoco Phillips Company dis-
closes aprocess for removing sulphur from a H,S-containing
gas stream using a compact system comprising a flameless
short contact time catalytic partial oxidation reaction zone
followed by atemperature-control zone, a first Claus catalytic
reaction zone, a second temperature-control zone, a first lig-
uid sulphur outlet and a first effluent gas outlet. The main goal
of this patent is to propose an alternative solution to tradi-
tional Claus Plant based on hydrogen sulphide catalytic par-
tial oxidation to form sulphur and water.

U.S.Pat.No. 4,481,181 by GA Technologies Inc. discloses
a process for removing sulphur and recovering hydrogen
from a H,S-containing gas stream coupling thermal partial
oxidation of H,S to sulphur and water and thermal dissocia-
tion of H,S to hydrogen and sulphur in the same reaction
zone, preceded by feedstock heating section and followed by
acooling zone and by a sulphur condenser, using pure oxygen
and a substantial proportion of nitrogen witha H,S/O, ratioin
the feedstock between 10:1 and 25:1. The main goal of this
patent is to thermally decompose by partial oxidation and
dissociation hydrogen sulphide into sulphur and hydrogen.

W02010/036941 by Chevron U.S.A. Inc. and Drexel Uni-
versity discloses a method for performing H,S thermal dis-
sociation at temperature below 1600° C. based on H and SH
radicals, in one embodiment over a suitable plasma catalyst.

Furthermore, Italian Patent 1 203 898 by Siirtec-Nigi dis-
closes a process called HCR based on the operation of the
traditional Claus thermal reactor at a slightly higher H,S/O,
ratio in the feedstock in order to keep a H,S/SO, ratio in the
Claus tail gas significantly higher than 2:1. The main goal of
this process is to boost hydrogen production in thermal reac-
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tor and to avoid hydrogen import in the TGT section. Also
with such a process, Sulphur Recovery Plant emissions are
not avoided.

From the above discussion, it is evident that several efforts
have been made in the past, trying to propose a valid alterna-
tive to traditional Claus Plant. In particular, some processes
which have been proposed over the years are based on the
thermal or catalytic partial oxidation of H,S, while some
other processes are focused on the thermal or catalytic crack-
ing of H,S. None of the proposed processes is conceived and
arranged to perform H,S conversion to hydrogen and sulphur
over a suitable catalyst able to favor both reactions at the same
time.

It would be desired to reduce, and preferably avoid, emis-
sions into the atmosphere. It would also be desired to reduce,
and preferably avoid, the importation of hydrogen into the
process. Particularly, it would be desired to generate hydro-
gen, and to optimize the export of hydrogen from the process,
yet with concurrent production of sulphur.

SUMMARY OF THE INVENTION

In order to better address one or more of the foregoing
desires, the invention presents, in one aspect, a method for the
production of hydrogen from a H,S-containing gas stream,
comprising subjecting the gas stream to catalytic oxidative
cracking so as to form H, and S,.

In another aspect, the invention provides a plant suitable
for conducting the catalytic oxidative cracking of a H,S-
containing gas stream, said plant comprising an inlet for a
H,S-containing acid gas stream, an inlet for an oxygen-com-
prising stream, and a Catalytic Oxidative Cracking reaction
zone, comprising a catalytic material suitable for H,S partial
oxidation and cracking.

In astill further aspect, the invention relates to a method for
the combined production of hydrogen and sulphur from a
H,S-containing gas stream, comprising subjecting the gas
stream to catalytic oxidative cracking so as to form H, and S,.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a simplified flow scheme of a typical tradi-
tional Claus Plant comprising a thermal stage, two catalytic
stages, a subsequent reductive Tail Gas Treatment section,
and a thermal incineration section.

FIG. 2 presents a simplified flow scheme of an H,S Cata-
Iytic Oxidative Cracking Plant according to the invention,
comprising a catalytic oxidative cracking stage, optionally a
Claus catalytic stage, and a subsequent reductive Tail Gas
Treatment section.

DETAILED DESCRIPTION OF THE INVENTION

In abroad sense, the invention is based on the simultaneous
occurrence of cracking and partial oxidation of H,S so as to
provide concurrent production of sulphur and of a significant
amount of hydrogen. This serves to address the problem of
gas emissions into the atmosphere and producing at the same
time a valuable hydrogen export stream.

It is emphasized that the catalytic oxidative cracking in
accordance with the invention is a fundamentally different
process from both the thermal stage and the catalytic stage in
an existing Claus-type process. With reference to the reaction
equations (1) to (5) mentioned above, the Claus processes are
directed to driving the above reaction (3) to near completion.
The present invention is based on the judicious insight to
provide a process based on the side reactions (4) and (5), and



US 9,255,005 B2

5

to promote these reactions for the production, from a H,S-
containing gas-stream, of both hydrogen and sulphur.

The process of the invention is also fundamentally difter-
ent from the recent proposals by Clark et al. The references
authored by the latter, are based on a theory of direct oxida-
tion of H,S under the formation of hydrogen, water and
sulphur. The resulting conversion, whilst avoiding the forma-
tion of SO,, is subject to improvement as to the conversion of
H,S and the production of sulphur concurrently with H,.

In the present invention a Catalytic Oxidative Cracking
(COC) stage substitutes the Claus thermal stage. The process
of the invention thus favors H,S dissociation and partial oxi-
dation instead of complete oxidation and Claus reaction.

The catalytic oxidative cracking is conducted in one or
more reaction zones, preferably provided in one reaction
chamber. Throughout the text the term “chamber” may relate
to one or more reaction zones.

The invention presents the skilled person with the insight to
promote the above-mentioned reactions (4) and (5). The fact
that thereto the gas stream is to be subjected to catalytic
oxidative cracking, implies a clear message to the skilled
person as to how to carry this out.

It will be understood that the reaction zone wherein the
Catalytic Oxidative Cracking takes place, comprises one or
more catalysts suitable for both H,S partial oxidation and
cracking. This can be a single catalyst that serves to favor both
reactions. Accordingly, the catalyst is preferably selected
from the group consisting of Pt, Rh, Ru, Ir, Pd, Co, Mo, Ni, Fe,
W, Cu, Cd, the corresponding sulphides, the corresponding
oxides, and combinations of the foregoing. The catalyst pref-
erably includes a support comprising oxides, such as Alu-
mina, Zirconia, Lantanium oxide, or one or more combina-
tions of these materials.

In one interesting embodiment, the Catalytic Oxidative
Cracking stage is divided into two steps in series, wherein the
first serves to favor partial oxidation of H,S and the second
favors H,S cracking. It will be understood that also a plurality
of'oxidation stages, followed by a plurality of cracking stages,
can be employed.

In such an embodiment, the partial oxidation catalyst is
preferably selected from the group consisting of one or more
active components selected from Group VIII metals as such
(e.g. Pt, Rh, Ir, Ru, Pd, Ni, Co, Mn, Zn, Cu) and the oxides
thereof, and the cracking catalyst is preferably selected from
the group consisting of metal sulphides, such as CoS,, NiS,
NiS,, WS,, MoS,, FeS,, Ag,S, CuS, CdS, MnS, ZnS, Cr,S;.

In general, the catalysts will be provided, in a conventional
manner, on a catalyst bed over which the gas stream to be
treated is led. In the aforementioned embodiment wherein
two catalytic steps are conducted in series, the first is provided
as a short contact time catalytic bed, filled with suitable
catalyst for H,S partial oxidation, and the second bed is of a
higher volume and filled with a suitable catalyst mainly
designed for H,S cracking. The choice of the types of beds
and volumes thereof are well within the ambit of the skilled
person’s normal capabilities.

The Catalytic Oxidative Cracking reaction zone or zones
are provided with oxygen. The oxygen is preferably provided
as a gas enriched with oxygen as compared to air. Preferably,
this is an oxygen-containing gas-stream comprising at least
40vol. % oxygen, preferably at least 60 vol. % oxygen. More
preferably, this oxygen is provided as substantially pure oxy-
gen, viz. 90 vol. %-99 vol. % of oxygen, or as close to 100%
as available.

The use of oxygen-enriched gas, and preferably pure oxy-
gen, is not only related to optimizing the catalytic oxidative
cracking process, it also presents advantages such as the
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avoidance of an unnecessarily large equipment, which would
be needed on account of the presence of large volumes of inert
(nitrogen) gas. Moreover, with reference to the invention’s
purpose to produce hydrogen, in addition to sulphur recovery
and with reduced emissions, it will be advantageous to
reduce, and preferably avoid, the presence of nitrogen in the
tail gas of the process.

The quantity of oxygen fed to the reactor is selected so as
to achieve a ratio H,S/O, in the feedstock higher than typical
figure of about 2:1. Preferably, H,S/O, ratio in the feedstock
should be in the range 2:1-6:1, more preferably in the range
3:1-5:1, still more preferably in the range 4:1-4.5:1.

In the preferred embodiment of operating the catalytic
oxidative cracking on the basis of a ratio H,S/O, between 4:1
and 4.5:1, most preferred between 4.1:1 and 4.5:1, preferred
reaction temperatures to obtain simultaneously cracking and
partial oxidation of H,S are in the range 900° C.-1500° C.,
preferably in the range of 900° C.-1200° C. More preferably
a temperature of about 1000° C. is obtained.

In one embodiment, the feedstock to Catalytic Oxidative
Cracking reaction zone or zones (H,S-containing acid gas
and oxygen-containing gas) is preheated in order to increase
the reaction temperature, to boost hydrogen production and to
depress SO, formation.

In one embodiment of the present invention, the H,S-
containing acid gas and the oxygen-containing gas are mixed
in a static mixer just before entering the catalytic bed of the
Catalytic Oxidative Cracking reaction zone or zones.

In one embodiment the hydrogen concentration in the
effluent of the reaction chamber (after quenching) is at least 3
vol %, preferably at least 5 vol % most preferred at least 7
vol %.

It should be noted that the reaction preferably is conducted
autothermally. This refers to the fact that, whilst the process is
preferably adiabatic, heat exchange takes in fact place, since
the oxidation reaction is exothermal, and the cracking reac-
tion is endothermal, whereby heat made available through the
exothermal reaction is utilized in the endothermal reaction.

All in all, the process of the invention is believed to favor
reactions (4) and (5) relative to reactions (1) and (2), leading
to lower H,S conversion, but on the other hand to significantly
higher H, formation and to much lower SO, formation. As a
consequence of the lower H,S conversion, a higher acid gas
recycle rate from H,S-containing gas source (e.g. an amine
regenerator) to reaction chamber is obtained as compared to a
traditional Claus Plant.

The catalytic oxidative cracking process of the invention
serves to reduce the temperature so as to provide the required
reaction equilibrium. This results in increasing the hydrogen
yield and minimizing SO, formation, which in turn serves to
minimize hydrogen consumption in the Tail Gas Treatment
section to reduce SO, to H,S.

Preferably, the reaction zone is separately fed with H,S-
containing acid gas and the oxygen-containing gas, and these
gases are mixed prior to entering the catalytic bed.

The gas effluent from the reaction chamber is preferably
quenched so as to avoid recombination of H, and S, to form
H,S, viz. by the inverse reaction of (4), which would make the
process sub-optimal in terms of overall conversion. Prefer-
ably this quenching is done substantially instantaneously. The
quenching is preferably to a temperature lower than 950° C.,
preferably in the range 850+750° C. The residence time in the
quench zone is preferably as short as possible, typically of
from 10 ms to 300 ms, preferably from 10 ms to 100 ms, more
preferably from 10 ms to 50 ms.

The quench zone (which preferably is a zone of the reaction
chamber) is preferably followed by a waste heat boiler and a
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sulphur condenser to cool down the process gas and to recover
liquid sulphur. The latter is preferably done by raising high
pressure steam in the waste heat boiler and low pressure
steam in the sulphur condenser.

In a preferred embodiment, the quenching of the gas eftlu-
ent from the reaction chamber is achieved by mixing with
water in the final part of the reaction chamber. In a most
preferred embodiment, the mixing of the gas with water is
performed with a water sprayer in a suitable mixing chamber
just below the catalytic bed.

Although the process of the invention substantially reduces
the formation of SO,, it will be inevitable that some SO, is
formed. In order to remove such SO,, the Catalytic Oxidative
Cracking stage is preferably followed by a Tail Gas Treatment
section. Therein a part (e.g. about 10-15 vol. %) of the pro-
duced hydrogen is consumed in order to reduce residual SO,
to H,S in a hydrogenation reactor. Due to the much higher
hydrogen content and to the much lower SO, content in the
tail gas compared to traditional Claus Plant, the reduction step
of the Tail Gas Treatment section can be performed without
any hydrogen import.

The tail gas is preferably preheated and fed to a hydroge-
nation reactor. Therein the SO,, as well as other residual
sulphur compounds, such as COS and CS,, are converted into
H,S, which is then removed. This removal can be done in a
conventional manner, e.g., by scrubbing the gas with a lean
amine solution in an absorber.

In one embodiment, the Catalytic Oxidative Cracking
stage is followed by one Claus catalytic stage, comprising a
gas reheater, a Claus catalytic reactor and sulphur condenser,
in order to convert most of the SO, into sulphur, thereby
minimizing H, consumption for SO, reduction in the Tail Gas
Treatment section.

In one embodiment, the hydrogen stream obtained from the
TGT absorber is sent to end users, like hydrotreaters, hydro-
crackers or hydrodesulphurizers. It should be noted that the
composition of the hydrogen rich stream from the top of the
TGT absorber may be different depending on variables such
as SRU feedstock quality, plant configuration and operating
conditions, and may include traces or percentages of H,O,
N,, CO, CO,, H,S, COS and CS,.

In a preferred embodiment, a hydrogen stream obtained
from the TGT absorber is further purified in a Hydrogen
Purification section (for example a Pressure Swing
Absorber). It should be noted that, prior to purification, the
composition of a hydrogen rich stream from the top of the
TGT absorber may be different depending on variables such
as SRU feedstock quality, plant configuration and operating
conditions, and may include traces or percentages of H,O,
N,, CO, CO,, H,S, COS and CS,.

The purified hydrogen is sent to end users, like hydrotreat-
ers, hydrocrackers or hydrodesulphurizers.

The invention, in one aspect, also relates to a plant suitable
for conducting the catalytic oxidative cracking of a H,S-
containing gas stream, said plant comprising an inlet for a
H,S-containing acid gas stream, an inlet for an oxygen-com-
prising stream, and a Catalytic Oxidative Cracking reaction
zone, comprising a catalytic material suitable for H,S partial
oxidation and cracking. Preferably, the plant further com-
prises a gas quench zone.

In one embodiment, the catalytic material comprises a
single catalytic bed comprising a catalyst that is bifunctional
in the sense that it serves to catalyze both the partial oxidation
of'H,S and the cracking. In another embodiment, the catalytic
material comprises at least two catalytic beds, one provided
with a catalyst composition that favors partial oxidation of
H,S, the other with a catalyst composition that favors crack-
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ing of H,S. The catalyst compositions in the catalytic material
are preferably as described above.

Inone embodiment, the Catalytic Oxidative Cracking reac-
tion chamber is refractory lined in order to withstand tem-
peratures up to 1500° C.

Inone embodiment, the Catalytic Oxidative Cracking reac-
tion chamber is vertically mounted above the quench zone to
facilitate the installation of the catalytic bed or beds.

The invention will be illustrated with reference to the fol-
lowing, non-limiting Examples and the accompanying non-
limiting Figures.

DETAILED DESCRIPTION OF THE FIGURES

Looking at FIG. 1, in a traditional Claus Plant, acid gas
from one or more Amine Regeneration Unit(s) 1 is fed
together with acid gas from Sour Water Stripper Unit(s) 2 and
with a combustion air stream 3 to a thermal reactor burner (or
Claus main burner) 4, directly connected to a thermal reactor
(or reaction furnace) 5, where one third of H,S is converted to
SO, and all other compounds such as hydrocarbons and
ammonia are completely oxidized. The furnace effluent, after
an adequate residence time in the thermal reactor, is cooled
down in a Claus waste heat boiler 6, where heat is recovered
generating high pressure steam. The process gas from the
Claus waste heat boiler is fed to a first sulphur condenser 7,
where gas is cooled generating low pressure steam and sul-
phur 8 is condensed and is sent to degassing and storage. The
process gas from the first sulphur condenser is preheated in a
first Claus reheater 9 before entering a first Claus catalytic
reactor 10, where the reaction between H,S and SO, to pro-
duce sulphur vapors continues until equilibrium. The process
gas from reactor 10 is sent to a second sulphur condenser 11,
where gas is cooled generating low pressure steam and sul-
phur 8 formed in the reactor is condensed and is sent to
degassing and storage. The process gas from the second sul-
phur condenser is preheated in a second Claus reheater 12
before entering a second Claus catalytic reactor 13, where the
reaction between the H,S and SO, to sulphur vapours contin-
ues until equilibrium. The process gas from reactor 13 is fed
to a third sulphur condenser 14, where gas is cooled generat-
ing low pressure steam (generally 4.5-6 barg), or low pressure
steam (generally about 1.2 barg) and sulphur 8 formed in the
reactor is condensed and is sent to degassing and storage.
Claus tail gas 15 from third sulphur condenser is sent to Tail
Gas Treatment section.

Looking at FIG. 2, in a H,S Catalytic Oxidative Cracking
Plant according to the invention, acid gas from one or more
Amine Regeneration Unit(s) 1 is fed together with acid gas
from one or more Sour Water Stripper Unit(s) 2 and with a
pure oxygen stream 41 (or an oxygen-enrichted air stream) to
a Catalytic Oxidative Cracking reaction chamber 42, where
H,S is partially oxidized to S, and partially dissociated into
H, and S, over a suitable catalyst, while all other compounds
such as hydrocarbons and ammonia are completely oxidized
and only a very small amount of SO, is formed. The reactor
effluent is cooled down in a waste heat boiler 6, where heat is
recovered generating high pressure steam. The process gas
from the waste heat boiler is fed to a sulphur condenser 7,
where gas is cooled generating low pressure steam and sul-
phur 8 is condensed and is sent to degassing and storage; tail
gas 15 from sulphur condenser is sent to a Tail Gas Treatment
section.

In one embodiment, the process gas from the waste heat
boiler 6 is fed to a first sulphur condenser 7, where gas is
cooled generating low pressure steam and sulphur 8 is con-
densed and is sent to degassing and storage. The process gas
from the first sulphur condenser is preheated in the first Claus
reheater 9 before entering a first Claus catalytic reactor 10,
where the reaction between H,S and SO, to produce sulphur
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vapors continues until equilibrium, so removing almost all
SO,. The process gas from reactor 10 is sent to a second
sulphur condenser 11, where gas is cooled generating low
pressure steam and sulphur 8 formed in the reactor is con-
densed and is sent to the degassing and storage. Tail gas 15
from the second sulphur condenser (or from the first sulphur
condenser in the first embodiment) is sent to a Tail Gas
Treatment section.

In both Plant configurations shown in FIG. 1 and FIG. 2,
and also in the embodiment of the present invention compriz-
ing a further Claus catalytic step, tail gas 15 from final sulphur
condenser is first preheated in the tail gas preheater 16. In the
traditional Claus Plant, as shown in FIG. 1, tail gas is mixed
as necessary with hydrogen obtained from an external net-
work 17, while in the novel H,S Catalytic Oxidative Cracking
Plant according to the invention, as shown in FIG. 2, separate
import of hydrogen is not necessary, and tail gas is directly
sent to a hydrogenation reactor 18. In the hydrogenation
reactor (or reduction reactor) all sulphur compounds con-
tained in the process gas are converted to H,S under slight
hydrogen excess. The tail gas leaving the reactor is cooled
down first in a TGT waste heat boiler 19 generating low
pressure steam and then in a quench tower 20, where the
process gas cooling is achieved by circulation of the conden-
sate 21 generated in the gas cooling. Quench water pumps 22
provide water circulation to the tower, while heat is removed
from the system by a quench water cooler 23. The excess sour
water 24 generated in the gas cooling is sent to battery limits
for treatment in the Sour Water Stripper (SWS) Unit. The
cooled tail gas from the quench tower is fed to the absorber
25. The absorption of the H,S contained in the tail gas is
accomplished using a selective lean amine solution 26 com-
ing trom an amine regenerator 27. The rich amine solution 28
from the bottom of the absorber is pumped by means of the
rich amine pumps 29 to a lean/rich amine heat exchanger 30,
where the rich amine is preheated using as heating medium
the hot lean amine from the bottom of the amine regenerator
prior of being fed to amine regenerator 27 itself. The lean
amine from the bottom of the amine regenerator is pumped by
means of the lean amine pumps 31, is first cooled in the
lean/rich amine heat exchanger 30 and then in the lean amine
cooler 32 prior of being fed to the absorber 25. The acid gas 33
from the top of regenerator is recycled back to the Claus
thermal reactor burner 4 in the traditional Claus Plant (FIG.
1), while it is recycled to Catalytic Oxidative Cracking reac-
tion chamber 42 in the novel H,S Catalytic Oxidative Crack-
ing Plant of the invention (FIG. 2).

In the traditional Claus Plant (FIG. 1), the tail gas from the
absorber 34 is sent to an incinerator burner 35, directly con-
nected to an incinerator 36, where all residual sulphur com-
pounds are oxidized to SO,. The combustion of the tail gas is
supported with fuel gas combustion, therefore a fuel gas
stream 37 and a combustion air stream 38 are also fed to the
incinerator burner. The incinerator effluent (or flue gas) 40,
after an adequate residence time in the thermal incinerator, is
discharged into the atmosphere via a dedicated stack 39. In
the novel H,S Catalytic Oxidative Cracking Plant (FIG. 2),
the hydrogen rich stream from absorber 34 is sent to users
outside the Sulphur Recovery Unit.

In a preferred embodiment, the hydrogen rich stream from
the absorber, containing some amount of impurities such as
N,, CO,, H,S, COS and CS,, is sent to a further Hydrogen
Treatment section 43, where it is further purified. A substan-
tially pure hydrogen stream 44 from Hydrogen Treatment
section is finally sent to different end-users.

EXAMPLE 1

A Sulphur Recovery Unit with nominal capacity of about
500 t/d sulphur production is fed with an amine acid gas rich
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in H,S. In this example, a traditional Claus Plant and the novel
H,S Catalytic Oxidative Cracking Plant are compared.

In the traditional Claus Plant, amine acid gas is fed, with
combustion air preheated at 220° C., to a thermal reactor
burner, connected to a thermal reactor and followed by a
waste heat boiler and a first sulphur condenser (thermal
stage). The thermal stage is followed by two catalytic stages
and by reductive Tail Gas Treatment section, where Claus tail
gas is added with hydrogen, reduced in the hydrogenation
reactor, cooled and scrubbed by means of a lean amine solu-
tion. The acid gas from the top of the amine regenerator is
recycled to the Claus thermal reactor, while the tail gas from
the top of the absorber is sent to the thermal incinerator where
it is oxidized prior to being discharged into the atmosphere
via a dedicated stack.

In an H,S Catalytic Oxidative Cracking Plant according to
the invention, amine acid gas is preheated at 240° C. and is
sent, together with pure oxygen also preheated at 240° C., to
a catalytic oxidative cracking reaction chamber, followed by
a quench zone, waste heat boiler and sulphur condenser. The
tail gas from sulphur condenser is fed to a reductive Tail Gas
Treatment section, where it is reduced in the hydrogenation
reactor (by means of hydrogen produced in the Catalytic
Oxidative Cracking stage), cooled and scrubbed by means of
a lean amine solution. The acid gas from the top of the regen-
erator is recycled to the Catalytic Oxidative Cracking reaction
chamber, while the hydrogen rich stream from the top of the
absorber is sent to battery limit.

Table 1 below shows the main operating parameters for the
traditional Claus Plant and for the novel H,S Catalytic Oxi-
dative Cracking (COC) Plant. From the analysis of the table,
it is possible to see the much higher acid gas recycle flow rate
(10 times more than traditional Claus Plant), the much lower
absorber effluent flow rate (8 times less) and the much higher
hydrogen concentration (25 times more) in this gas.

TABLE 1

Claus

Plant COC Plant
acid gas from unit battery limit kmol/h 750 750
acid gas recycle from amine kmol/h 50 555
regenerator
air/oxygen to reaction kmol/h 1677 261 (100% O,)
furnace/chamber (19% O5)
H,S/0, ratio in the feedstock mol/mol 1.9 4.4
reaction furnace/chamber pressure  barg 0.66 0.66
reaction furnace/chamber °C. 1310 1130/750 (*)
temperature
reaction furnace/chamber effluent ~ kmol/h 2657 2220
reaction furnace/chamber effluent
composition
H, % vol. 1.55 7.93 (%)
S, % vol. 8.60 14.40 (*)
H,S % vol. 5.53 21.71 (%)
SO, % vol. 2.89 0.48 (*)
COS +CS, % vol. 0.25 0.04 (*)
other components (N,, CO, % vol. 81.18 55.44 (%)
CO,, H,0)
sulphur product t/d 502 502
absorber effluent/hydrogen kmol/h 1546 196
rich stream
absorber effluent/H, rich
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TABLE 1-continued

Claus

Plant COC Plant
stream composition
H, % vol. 3.08 77.33
other components % vol. 96.92 22.67
(*) Quench zone outlet

EXAMPLE 2

This example provides a comparison of two embodiments
of the novel Catalytic Oxidative Cracking Plant for the same
Plant as used in Example 1.

In the first embodiment, the Catalytic Oxidative Cracking
stage is followed by a Tail Gas Treatment section. In the
second embodiment, the Catalytic Oxidative Cracking stage
is followed by a Claus catalytic stage and thereafter by a Tail
Gas Treatment section.

Table 2 below shows the main operating parameters for the
novel H,S Catalytic Oxidative Cracking (COC) Plant in two
different embodiments, without and with Claus catalytic
stage downstream of the Catalytic Oxidative Cracking stage.
From the analysis of the table, it is possible to see the slightly
lower acid gas recycle flow rate in the embodiment with one
Claus catalytic stage (10% less than embodiment without
Claus catalytic stage), the slightly higher hydrogen rich
stream flow rate (15% more).

TABLE 2
COC Plant of
cocC the invention
Plant of with Claus

the invention catalytic stage

acid gas from unit battery kmol/h 750 750

limit

acid gas recycle from amine  kmol/h 555 498
regenerator

Oxygen to reaction chamber  kmol/h 261 250
H,S/O, ratio in the feedstock  Mol/mol 4.4 4.4
reaction chamber pressure barg 0.66 0.66
reaction chamber temperature ° C. 1130/750 (*) 1130/750 (*)
reaction chamber effluent kmol/h 2220 2124
reaction chamber effluent

composition

H, % vol. 7.93 (*) 7.89 (%)
S, % vol. 14.40 (*) 14.34 (*)
H,S % vol. 2171 (%) 21.74 (*)
SO, % vol. 0.48 (*) 0.51 (*)
COS +CS, % vol. 0.04 (*) 0.04 (*)
other components % vol. 55.44 (%) 5548 (*)
(N,, CO, CO,, H,0)

sulphur product t/d 502 502
hydrogen rich stream kmol/h 196 224
hydrogen rich stream

composition

H, % vol. 77.33 79.01
other components % vol. 22.67 20.99

(*) Quench zone outlet
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The invention claimed is:

1. A method for the production of hydrogen from a feed-
stock comprising an H,S-containing gas stream and an oxy-
gen-containing gas stream, said method comprising subject-
ing the feedstock to catalytic oxidative cracking in the
presence of a catalyst so as to form H, and S,;

wherein said catalytic oxidative cracking forms H, and S,

according to the reactions:

H,Se> H,+0.5 S, (dissociation or cracking reaction)

(©)]
().

2. A method according to claim 1, wherein the catalytic
oxidative cracking is conducted with a molar ratio H,S/O, in
the feedstock higher than 2:1.

3. A method according to claim 2, wherein the ratio is
3:1-5:1.

4. A method according to claim 1, wherein the oxygen-
containing gas-stream comprises at least 40% oxygen.

5. A method according to claim 4, wherein the oxygen-
containing gas-stream contains oxygen having a purity of
from 90%-100%.

6. A method according to claim 1, wherein the catalytic
oxidative cracking is conducted under the influence of a
single catalyst selected from the group consisting of Pt, Rh,
Ru, Ir, Pd, Co, Mo, Ni, Fe, W, Cu, Cd, the corresponding
sulphides, the corresponding oxides, and combinations of the
foregoing.

7. A method according to claim 1, wherein the catalytic
oxidative cracking is conducted under the influence of an
oxidation catalyst and a separate cracking catalyst.

8. A method according to claim 7, wherein the oxidation
catalyst is selected from the group consisting of one or more
active components selected from Group VIII metals and the
cracking catalyst is selected from the group consisting of
metal sulphides.

9. A method according to claim 1, wherein the catalytic
oxidative cracking is conducted substantially autothermally
at a temperature of from 900° C. to 1500° C.

10. A method according to claim 1, comprising a further
step of subjecting any formed SO, to hydrogenation.

11. A method according to claim 1, wherein gas produced
from the catalytic oxidative cracking is, substantially without
delay, quenched to a temperature below 950° C.

12. A method according to claim 1, wherein the H,S-
containing gas stream and the oxygen-containing gas stream
are mixed in a static mixer before entering a first catalytic bed
in a catalytic oxidative cracking reaction zone or zones.

13. A method according to claim 1, wherein catalytic oxi-
dative cracking is followed by a Claus catalytic reaction,
which is conducted employing a gas reheater, Claus catalytic
reactor and sulphur condenser.

14. The method of claim 3 wherein the ratio is 4:1 to 5:1.

15. The method of claim 4 wherein the oxygen-containing
gas-stream comprises at least 60% oxygen.

16. The method of claim 9 wherein the catalytic oxidative
cracking is conducted substantially autothermally at a tem-
perature from 900° C.-1200° C.

17. The method of claim 16 wherein the catalytic oxidative
cracking is conducted substantially autothermally at a tem-
perature of 1000° C.

4H,S+0,¢> 2H,+2H,0+28, (H, formation reaction)



